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Description 

This invention relates to the production of 
ethylene oxide. 

In our European Patent No. 3642 we disclosed a 
process of producing an olefin oxide which com- 
prises contacting an olefine with oxygen in the 
presence of a siiver-containing catalyst and a 
chlorine containing reaction modifier in which the 
performance of the catalyst was improved by 
contacting the catalyst also with a nitrate or nitrite 
forming substance which was in a gas phase. The 
use of numerous nitrate or nitrite forming sub- 
stances was disclosed, but the use of NO2 and 
oxygen, NO2 or N204 was preferred. 

In most respects these materials, especially 
NO2, are probably the best. However, because of 
the presence of water vapour in practical reaction 
conditions there is a tendency to produce corro- 
sion in plants, especially if mists comprising nitric 
acid are produced. 

We have also found that ethylene can react with 
oxides of nitrogen to form bi-isoxazoiine which 
fouls feed lines under certain conditions. Also 
process control is complicated in that the analysis 
of streams containing oxides of nitrogen and 
water is difficult because, on cooling such 
streams, oxides of nitrogen are lost as conden- 
sate. It is thus difficult to obtain a representative 
analysis for the oxides of nitrogen under practical 
conditions at the inlet of a reactor If water- 
containing recycle streams are present (which is 
the normal Industrial practise). 

These problems may be reduced by feeding 
nitropropane to the process rather than oxides of 
nitrogen. 

Our European patent No 3642 discloses the use 
of lower nitro aikanes and mentions nitromethane 
in particular. However, nitromethane is subject to 
handling problems, which are reviewed in the 
pamphlet "Nitroparaffins and their Hazards" by 
the Committee on Fire Prevention and Engin- 
eering Standards Research Division of the 
National Board of Fire UndenA^riters (1959) (USA). 
Nitromethane has been the subject of serious 
explosions and there are risks associated with 
lower nitro paraffins In general. We have pre- 
ferred until recently to feed NO, NO2 or N2O4 to 
the process directly despite the aforesaid dis- 
advantages rather than to feed any of the sub- 
stances referred to in our European patent 3642 
which are capable of feeding nitrate and/or nitrite 
Ions to the catalyst less directly by oxidation of 
such substances. 

We have found that the nitropropanes are of 
remarkable effectiveness and give rise in general 
to less corrosion, do not form bi-oxazolines and 
are much more amenable to analysis in samples 
taken from the reactor inlet. We have also found 
that they can be handled with acceptable safety. 
The high efficiency of the nitropropanes in the 
process is surprising in view of the necessity of 
oxidising three carbon atoms per molecule before 
they are able to form nitrates or nitrites. 

This invention comprises a process of produc- 



ing ethylene oxide by contacting ethylene and 
oxygen in the presence of a chlorine containing 
reaction modifier and a nitrate or nitrite forming 
substance with a siver containing catalyst in 

5 which the performance of the catalyst is improved 
characterised in that the nitrate or nitrite forming 
substance is nitropropane and the nitropropane is 
pumped as a liquid at a temperature hot exceed- 
ing SC'C by a positive displacement pump which 

10 is provided with relief against pressures greater 
than 50 bars to the process at a point at which the 
temperature is in the range of 50 to 100°C and the 
pressure is at most 40 bars. 1 -Nitropropane and/ 
or preferably 2-nitropropane are used. 

IS In general, the effect of the nitropropane is to 
Increase the selectivity of the process. 

By the selectivity of the catalyst is meant the 
proportion of the ethylene consumed which is 
converted to ethylene oxide in the process. The 

20 selectivity of silver-containing catalysts in the 
process may fall with prolonged use. Contacting 
used catalyst with a nitropropane tends to 
improve or at least partly to restore the selectivity 
of the catalyst, and continuously contacting the 

25 catalyst with a nitropropane in the process in 
general improves the selectivity of the catalyst or 
reduces the rate of loss of selectivity of the 
catalyst Restoration of the selectivity of the cata- 
lyst may be carried out more than once if desired. 

30 The following precautions are taken in introduc- 
ing a nitropropane to the process. 

1. Pumping Is by a positive displacement pump 
which is provided with relief against pressures 
greater than 50 bars. 

35 The temperature of the nitropropane in the 
pump does not exceed SOX and is preferably 
below 50X and more preferably below 30°C. 

2. The nitropropane is introduced to a point in 
the process at which the temperature is at least 

40 50X (to provide rapid evaporation) and at most 
lOOX, (as there is an increasing danger of detona- 
tion as the temperature is increased), and at 
which the pressure is at most 40 bars absolute. 

3. The liquid nitropropane should not be con- 
45 tacted with an oxidising agent, which includes air, 

at a pressure greater than 40 bars. Suitably 
therefore unless the pump has relief at less than 
40 bars no air should be allowed to enter the 
pump with the nitropropane. 

so The nitropropane should not be contaminated 
with alkalies, strongs acids or other materials 
likely to reduce its stability. 

In order to provide rapid dispersion of nitro- 
propane into the process gas without the back-up 

ss pressure and possibility of blockages attendant 
on spraying it as fine droplets from a nozzle It is 
preferred that It should be fed at as low a pressure 
as possible onto an inert porous material through 
which a substantial rate of process gas is main- 

60 tained. The porous material should not itself 
present a major restriction to gas flow. A stainless 
steel mesh may be used. 

If desired, a desensitising diluent for example 
toluene or a lower aliphatic alcohol may be added 

65 to the nitropropane. The nitropropane as intro- 
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duced to the prcxsess should also be substantially 
free from water. 

Provided that in all other respects the utmost 
care is taken In handling the nitropropane it is 
believed that the hazards may be reduced to 
acceptable levels by careful attention to the above 
matters, but users of the invention must be 
vigilant in all safety aspects and should make full 
use of any techniques which may now or in the 
future become available to improve safety. 

The catalyst suitably comprises silver 
supported on a porous heat resisting support 
which has a specific surface area in the range 0.05 
to 10m^/g and preferably 0.1 to 5 m^/g and more 
preferably 0,3 to 3 m^/g as measured by the 
Brunauer. Emmett and Teller method. The cata- 
lyst may be produced as disclosed in European 
patent No. 3642. 

The catalyst support preferably has an apparent 
porosity as measured by the mercury absorption 
method of at least 20%, for example 25—70% 
preferably 30—65% and mean pore diameters of 
0.1 to 20 microns preferably 0.3 to 4 microns as 
measured by the mercury porosimetry method. 
The pore size distribution of the support may be 
bi-or tri-modal, in which case the pores of dia- 
meters up to 2 microns preferably account for 30 
to 70% of the total pore volume the pores of 
diameter 2 to 20 microns preferably 0 to 50% of 
the total pore volume, and the larger pores 
preferably 20 to 50% of the total pore volume. 

Most of the silver content of the catalyst is 
preferably present in the form of discrete particles 
adhering to the support having equivalent dia- 
meters of less than 10,0OOA preferably in the 
range 20— 10,000A and more preferably 
40-8,000A for example 10O-5,000A. By equiva- 
lent diameter is meant the diameter of a sphere of 
the same silver content as the particle. 

Preferably at least 80% of the silver is present 
as particles having equivalent diameters in the 
aforesaid range, the quantity of silver being 
judged in terms of the number of particles falling 
in that range. The silver is believed to be present 
largely as metallic silver. The dimensions of the 
silver particles may be determined by scanning 
electron microscopy. 

The support may be an alumina, silicon carbide, 
silica, zirconia, titania or silica/alumina support, 
but it is preferably composed of an aggregate of 
alpha-alumina particles which may be fused 
together or cemented together with, for example 
silica or baryta. 

The catalyst preferably comprises 3 to 50% and 
more preferably 3 to 30% for example 6 to 28% by 
weight of silver. 

It is preferred that the catalyst should contain 
cations, for example alkali and/or alkaline earth 
metal cations as the corresponding nitrate or 
nitrite or in a fonnn capable of reacting to produce 
the corresponding nitrate or nitrite. This is 
especially preferred if the catalyst is treated with 
the nitrate or nitrite forming substance intermit- 
tently in order to restore its selectivity. It is 
believed that an effect of such cations is to hold 



more nitrate and/or nitrite ions on the catalyst or 
to hold them longer than is the case in their 
absence but we do not wish to be bound by any 
theory as to their action. 

5 The cations may be introduced to the support 
before during or after the introduction of the 
silver compound. Preferably the cations are intro- 
duced to a support in which the silver is present in 
metallic form. The cations are suitably introduced 

w as solutions in water and/or organic solvents. If it 
is desired to impregnate a catalyst which has 
already been used in the oxidation of an alkene to 
an alkylene oxide and has lost performance, this 
may be carried out also. Suitable concentrations 

ts of such cations in a form which is extractable by 
water may be for example 50 to 5000 parts per 
million of alkali metals by weight and/or 50 to 
20,000 parts per million of alkaline earth metals 
by weight. 

20 The cations may be provided for example as 
nitrates, hydroxides, carbonates, bicarbonates or 
carboxylates, for example lactates or more prefer- 
ably oxalates. 
The catalyst preferably contains rubidium, 
2S cesium, lithium, cadmium, calcium, magnesium, 
strontium, barium and/or sodium and/or more 
preferably potassium, these elements being 
present as compounds which are extractable 
from the catalyst by water. 
30 Partial pressures of ethylene in processes 
according to the invention may be in the ranges 
0.1—30 and preferably 1 to 30 bars. The total 
pressure may be in the range of from 1 to 100 and 
preferably 3—100 bars absolute. The molar ratio 
35 of oxygen to ethylene may be in the range 0.05 to 
100, The partial pressure of oxygen may be in the 
range 0.01 and preferably 0.1 to 20 bars and 
preferably 1—10 bars. The oxygen may be sup- 
plied for example in the form of air or preferably 
40 as commercial oxygen. A diluent for example 
helium, nitrogen, argon, carbon dioxide and/or 
methane may be present in proportions of 
10—80% and preferably 40—70% by volume in 
total. Suitably the diluent comprises methane as 
45 aforesaid together with, for example 1 00 to 20,000 
parts per million by volume of ethane, preferably 
together with small amounts, for example 10 to 
10,000 parts per million by volume of C3 to Ce 
alkanes, cycloalkanes or alkenes preferably 
so propylene, cyclopropane, isobutene or Isobutene. 
It is necessary to operate using gas compositions 
which are outside the explosive limits. 

The temperature is suitably in the range 180 to 
320X, preferably 200 to 300°C and more prefer- 
SB ably in the range 220 to 290"C. Contact times 
should be sufficient to convert 0.5—70%, for 
example 2 to 20 and preferably 5—20% of the 
ethylene and unconverted ethylene is, after 
separation of the product, suitably recycled, 
60 optionally in the presence of unconverted oxygen 
where appropriate and suitably after partial 
removal of CO2. It is preferred that tiie average 
CO2 content in the pores ie in contact with the 
catalyst should be in the range 1% to 7% and 
65 more preferably 2% to 5% by volume. 
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The chlorine-containing reaction modifier may 
be of known type. It is preferred that it should be 
a to C,o compound also containing hydrogen. 
It may be for example 1,1-or preferably 1,2- 
dichloroethane but It is preferred to use methyl 5 
chloride or more preferably vinyl chloride. 
Chlorinated aromatic compounds, for example 
chlorobenzene, dichlorobenzene and chlorinated 
toluenes are also suitable. It is preferred that the 
concentration of the chlorine containing reaction io 
modifier should be In the range 0.1—500 and 
preferably 1 to 50 parts per million parts of the 
reaction medium by weight. 

The nitropropane may be supplied con- 
tinuously to the process at a low level for is 
sample 1 to 200 and preferably 5 to 100 parts 
per million of the process gas by volume. If it Is 
desired to regenerate the catalyst intermittently 
the gas contacting the catalyst may contain 
much greater quantities of nitropropane together 20 
with sufficient oxygen to allow the production of 
the required nitrate or nitrite. Preferably the gas 
is flowed through the catalyst 

Improvement or restoration of the selectivity of 
a catalyst which has lost selectivity in the reac- 2S 
tlon may be carried out at a wide range of 
temperatures for example from 150 to 350°C but 
temperatures of 200— 300°C are preferred. The 
pressures may be in the range 0.1 to 100 bars but 
are preferably in the range 1—50 bars absolute. 30 

Suitably in regeneration of the catalyst at least 
20 and preferably at least 300 parts of nitrate 
and/or nitrite per million parts by weight of the 
catalyst are added. 

Regeneration may be carried out In the pre- 3S 
sence of the reactants and under normal reaction 
conditions by introducing the nitropropane to the 
reaction and preferably maintaining in the cata- 
lyst a concentration of at least 20 and more 
preferably at least 300 parts of nitrate and/or 40 
nitrite per million parts by weight of catalyst 

Example 1 

A porous -alumina carrier (supplied by Norton 
Company) and having a surface area of 0.5 45 
M^g"\ a pore volume of 0.43 mis per gm, a Si02 
content of 0.38%, and a sodium content of 121 
ppm), in the form of rings of dimensions outer 
diameter 7.8 mm inner (hole) diameter 3.1 mm 
and axial length 7.8 mm was impregnated with a so 
solution of silver nitrate dissolved in aqueous 
isopropylamine. The impregnated damp solid 
was pyrolysed by heating in a flow of nitrogen at 
up to 240°C. The product was washed with hot 
water and dried. The dried catalyst was impreg- ss 
nated with an aqueous solution of potassium 
formate drained and dried. The final catalyst 
contained 16% w/w silver and 500 ppm of added 
potassium. 

The catalyst was crushed and sieved to pro- so 
duce 1 12 g of particulate matter in the size range 
1 to 3.35 mms. It was loaded into a stainless steel 
reactor of 10.8 mm internal diameter and 2.58 
metres long. A gas mixture of ethylene (30%), 
oxygen (8%), carbon dioxide (2.5%) vinyl ss 
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chloride (12 ppm), ethyl chloride (3 ppm) and 2 
nitropropane (20 ppm) with nitrogen to balance 
was passed at a pressure of 15 bar gauge over 
the catalyst at a temperature of 252^C. The gas 
was passed at a space velocity of 3070hr~^. The 
reaction produced ethylene oxide and carbon 
dioxide. Oxygen conversion was 20% and the 
selectivity of the synthesis of ethylene oxide was 
87% (i.e. 87 moles of ethylene oxide were 
formed from 100 moles of ethylene converted). 

Example 2 
Preparation of the Catalyst 
Catalyst support pellets, comprising porous, 
high purity a-alumina containing 250 + 50 ppm 
of silica expressed as silicon and 40 ± 10 ppm of 
sodium compounds expressed as sodium and 12 
± 3 ppm of potassium compounds expressed as 
potassium in the form of cylinders 8 mm dia- 
meter and 8 mm long pierced by seven longi- 
tudinal holes 1.22 mm in diameter one being 
central and the others being regulariy spaced on 
a circle of 4.39 mm diameter centred on the axis 
of the pellet were uniformly coated with silver 
metal particles as described below. The mean 
pore diameter of porous alumina was 2 — 3 
microns, its porosity as assessed by water 
absorption was 0.36 ± 0.03 mi per g and its 
surface areas was about 0.5 m^ per g. 

Silver nitrate (4,418 g) was dissolved at 70''C 
into distilled water (896 ml) and the resulting 
solution cooled to SOX. Monoisopropylamine 
(4,800 mis) was slowly added to this solution 
whilst stirring and cooling. The addition of the 
amine was sufficiently slow to avoid undue 
temperature rises. The temperature was main- 
tained in the range 40 to 60°C. The resulting clear 
solution was cooled to room temperature. 

Support pellets (4,200 g) were evacuated and 
the solution of the silver nitrate-monoisopropyl- 
amine complex (5,000 mis) was added. After 
contacting the solution for 30 minutes, the 
impregnated pellets were separated from the 
residual solution and drained. 

The support pellets, wet with the impregnated 
complex solution, were charged to a perforated 
basket which was then loaded into a reactor. The 
impregnated support was heated in a stream of 
hot nitrogen gas, the temperature was initially 
lOO^C and subsequently was gradually increased 
to 240°C over a period of 18 hours. The impreg- 
nated complex decomposed to leave particulate 
silver evenly dispersed on the surface of the 
porous a-alumina pellets. The pellets also con- 
tained a residue of substances containing carbon 
and nitrogen. 

The silver-coated pellets were subsequentiy 
contacted with hot air in a process which began 
by passing a stream of 5% air in nitrogen over 
the pellets heated at 150°C. Subsequently the air 
content of the gas stream and the reactor 
temperature were gradually increased to 100% 
and 280X, respectively. The rate of both changes 
were slow enough to avoid uncontrolled rises in 
temperature of the pellets due to the exothermic- 
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The chlorine-containing reaction modifier may 
be of known type. It is preferred that it should be 
a C| to Cio compound also containing hydrogen. 
It may be for example 1,1 -or preferably 1,2- 
dlchloroethane but it is preferred to use methyl 
chloride or more preferably vinyl chloride. 
Chlorinated aromatic compounds, for example 
chiorobenzene, dichlorobenzene and chlorinated 
toluenes are also suitable. It Is preferred that the 
concentration of the chlorine containing reaction 
modifier should be in the range 0.1 — 500 and 
preferably 1 to 50 parts per million parts of the 
reaction medium by weight 

The nitropropane may be supplied con- 
tinuously to the process at a low level for 
example 1 to 200 and preferably 5 to 100 parts 
per million of the process gas by volume. If It Is 
desired to regenerate the catalyst intermittently 
the gas contacting the catalyst may contain 
much greater quantities of nitropropane together 
with sufficient oxygen to allow the production of 
the required nitrate or nitrite. Preferably the gas 
is flowed through the catalyst 

Improvement or restoration of the selectivity of 
a catalyst which has lost selectivity in the reac- 
tion may be carried out at a wide range of 
temperatures for example from 150 to 350**C but 
temperatures of 200— SOO^'C are preferred. The 
pressures may be in the range 0.1 to 100 bars but 
are preferably in the range 1— SO bars absolute. 

Suitably In regeneration of the catalyst at least 
20 and preferably at least 300 parts of nitrate 
and/or nitrite per million parts by weight of the 
catalyst are added. 

Regeneration may be canried out in the pre- 
sence of the reactants and under normal reaction 
conditions by introducing the nitropropane to the 
reaction and preferably maintaining in the cata- 
lyst a concentration of at least 20 and more 
preferably at least 300 parts of nitrate and/or 
nitrite per million parts by weight of catalyst 

Example 1 

A porous -alumina carrier (supplied by Norton 
Company) and having a surface area of 0.5 
. M^g"\ a pore volume of 0.43 mis per gm, a S\Oz 
content of 0.38%, and a sodium content of 121 
ppmh in the form of rings of dimensions outer 
diameter 7.8 mm inner (hole) diameter 3.1 mm 
and axial length 7.8 mm was impregnated with a 
solution of silver nitrate dissolved in aqueous 
isopropylamine. The impregnated damp solid 
was pyrolysed by heating in a flow of nitrogen at 
up to 240°C. The product was washed with hot 
water and dried. The dried catalyst was impreg- 
nated with an aqueous solution of potassium 
formate drained and dried. The final catalyst 
contained 16% w/w silver and 500 ppm of added 
potassium. 

The catalyst was crushed and sieved to pro- 
duce 112 g of particulate matter in the size range 
1 to 3.35 mms. It was loaded into a stainless steel 
reactor of 10.8 mm internal diameter and 2.58 
metres long. A gas mixture of ethylene (30%), 
oxygen (8%), carbon dioxide (2.5%) vinyl 



chloride (12 ppm), ethyl chloride (3 ppm) and 2 
nitropropane (20 ppm) with nitrogen to balance 
was passed at a pressure of 15 bar gauge over 
the catalyst at a temperature of 2BTC. The gas 

5 was passed at a space velocity of 3070hr \ The 
reaction produced ethylene oxide and carbon 
dioxide. Oxygen conversion was 20% and the 
selectivity of the synthesis of ethylene oxide was 
87% (i.e. 87 moles of ethylene oxide were 

70 formed from 100 moles of ethylene converted). 

Example 2 
Preparation of the Catalyst 
Catalyst support pellets, comprising porous, 

IS high purity a-alumlna containing 250 ± 50 ppm 
of silica expressed as silicon and 40 ± 10 ppm of 
sodium compounds expressed as sodium and 12 
± 3 ppm of potassium compounds expressed as 
potassium in the form of cylinders 8 mm dia- 

20 meter and 8 mm long pierced by seven longi- 
tudinal holes 1.22 mm in diameter one being 
central and the others being regularly spaced on 
a circle of 4.39 mm diameter centred on the axis 
of the pellet were uniformly coated with silver 

25 metal particles as described below. The mean 
pore diameter of porous alumina was 2—^ 
microns, its porosity as assessed by water 
absorption was 0.36 ± 0.03 ml per g and its 
surface areas was about 0.5 m^ per g. 

30 Silver nitrate (4,418 g) was dissolved at 70*'C 
into distilled water (896 ml) and the resulting 
solution cooled to 50°C. Monoisopropytamine 
(4300 mis) was slowly added to this solution 
whilst stirring and cooling. The addition of the 

35 amine was sufficiently slow to avoid undue 
temperature rises. The temperature was main- 
tained in the range 40 to BOX. The resulting clear 
solution was cooled to room temperature. 
Support pellets (4,200 g) were evacuated and 

40 the solution of the silver nitrate-monoisopropyl- 
amine complex (5,000 mis) was added. After 
contacting the solution for 30 minutes, the 
impregnated pellets were separated from the 
residual solution and drained. 

45 The support pellets, wet with the impregnated 
complex solution, were charged to a perforated 
basket which was then loaded into a reactor. The 
impregnated support was heated in a stream of 
hot nitrogen gas, the temperature was initially 

50 lOO^C and subsequently was gradually increased 
to 240**C over a period of 18 hours. The impreg- 
nated complex decomposed to leave particulate 
silver evenly dispersed on the surface of the 
porous Q-alumina pellets. The pellets also con- 

55 tained a residue of sut>8tances containing carbon 
and nitrogen. 

The silver-coated pellets were subsequently 
contacted with hot air in a process which began 
by passing a stream of 5% air in nitrogen over 

60 the pellets heated at 150X. Subsequently the air 
content of the gas stream and the reactor 
temperature were gradually increased to 100% 
and 280**C, respectively. The rate of both changes 
were slow enough to avoid uncontrolled rises in 

65 temperature of the pellets due to the exothermic- 
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ity of the process. On reaching 280X, the pellets 
were contacted with the air stream for a further 2 
hours and then allowed to cool. 

The resulting silver-coated pellets, now sub- 
stantiallY free of the residues of the silver nitrate- 
monoisopropylamine complex decomposition 
process were contacted with a flow of hot water 
in the temperature range 90 to 100°C for 16 
hours, then cooled, drained and dried by contact- 
ing with a stream of hot nitrogen at 150°C, The 
product was a catalyst precursor and was charac- 
terised as a substantially clean, dry dispersion of 
silver particles evenly coated on the surfaces, 
both internal and external, of the porous a- 
alumina pellets. 

The catalyst precursor (4945 gm) was impreg- 
nated with potassium by being contacted at 
room temperature with 3323 mis of a solution of 
potassium formate in aqueous methanol- The 
aqueous methanol solvent contained 0.2% water 
by volume and 17.9 gms of potassium formate. 
The contacting was achieved by pumping the 
potassium formate solution through a bed of the 
catalyst precursor, collecting the liquor and 
recycling it through the bed for 16 hours. On 
completion of this impregnation stage, the cata- 
lyst pellets were drained and dried in a stream of 
wanm nitrogen at 150**C. The finished catalyst 
contained 500 to .600 ppm potassium. 

This preparation was repeated to provide two 
additional batches of catalyst. The three batches 
were mixed and tested. 

The catalyst was tested as follows. A reactor 
tube of 39 mm Internal diameter was charged 
with the catalyst to give bed lengths of 10.7 m 
(bed volume 12.8 1.) and 3 m of tube length 
above the catalyst was packed with inert alumina 
pellets. The tube was surrounded by a liquid heat 
exchange fluid for temperature control. At start- 
up, a reactor feed gas composition of O2 6%, 
C2H4 27%, vinyl chloride 6 ppm, ethane 0.1%, 2- 
nitropropane 20 ppm, the balance being sub- 
stantially methane with a small proportion of 
inert gases, was fed. The feed to the reactor was 
at 75'*C and laS bar pressure, with a gas hourly 
space velocity of 3600 hr~\ Reactor tempera- 
tures were then raised to initiate reaction. 
Oxygen, ethylene, ethane, methane, 2-nitrop- 
ropane and vinyl chloride feeds were then mixed 
with recycle gas to give the desired feed com- 
position. After twenty six days on line 1.03 m'/hr 
oxygen, 1.4 m^r ethylene, 6.8 IThr ethane and 
36 ml/hr vinyl chloride in methane all expressed 
as vapour at standard temperature and pressure 
plus an intermittent flow of methane sufficient to 
control the plant pressure plus 2-nitropropane 
were mixed with recycle gas. The 2-nitropropane 
was introduced by pumping liquid 2-nitrop- 
ropane with a positive displacement micro pump 
having a relief valve set to operate at thirty bars. 
The temperature of 2-nitropropane in the pump 
was approximately 20'C and it was substantially 
free from gaseous air, oxidising agents, alkalis, 
acids and water. It was introduced at a point in 
the process at which the temperature was 70"C, 



the pressure 18 bars absolute at 3.7 mis/hr of 
liquid onto a knitted stainless-steel mesh through 
which all the process gas was passed. 
The reactor feed composition was analysed to 

5 be O2 7.5% C2H4 27%, CO2 0.3%, vinyl chloride 
7.2 ppm, ethyl chloride 0.9 ppm, ethane 0.1%, 2- 
nitropropane 20 ppm, 0.12% water vapour and 
an estimated content of oxides of nitrogen of 
about 3 ppm the balance being substantially 

10 methane. Analysis was carried out from the reac- 
tor inlet and less inaccuracy of analysis was 
found due to condensation of water than that 
which had occurred when NO and NO2 had been 
supplied instead of the 2-nitro propane. The 

75 reaction feed was at 75T and 1 8.5 bar with a gas 
hourly space velocity of 3600 hr"\ The oxygen 
conversion across the reactor was 28%. The 
reaction gave a selectivity of ethylene converted 
of 87%. The average catalyst temperature was 

20 255X. The product gases were cooled to 75X 
before being contacted with 250 l/hr of water at 
20^0, to absorb product ethylene oxide. The 
resulting gas stream was then split, part being 
contacted with 250 l/hr of 0.5% w/w caustic soda 

2S solution in a carbon dioxide scrubber. The scrub- 
ber gaseous product and the bypass stream were 
combined and then compressed to form the 
recycle gas stream. No solid deposits resulting 
from the reaction of nitropropane with ethylene 

30 occurred. (Deposits can occur under certain con- 
ditions between NO/NO2 and ethylene even at 
ambient temperatures.) No corrosion was 
observed In the reactor feed section of the plant 

35 Example 3 

A catalyst similar to that of Example 2 but 
containing 300—330 ppm potassium was tested 
as follows. A reactor tube of 39 mm internal 
diameter was charged with the catalyst to give 

40 bed lengths of 10. m (bed volume 11.92 I) and 3 
m of tube length above the catalyst was packed 
with inert alumina pellets. The tube was 
surrounded by a liquid heat exchange fluid for 
temperature control. At start-up, a reactor feed 

45 gas composition of O2 6%, C2H4 27%, vinyl 
chloride 6 ppm, ethane 0.1%, 2-nitropropane 41 
ppm, the balance being substantially methane 
with a small proportion of inert gases, was fed. 
The feed to the reactor was at 75X and 18.5 bar 

so pressure, with a gas hourly space velocity of 
3600 hr"V Reactor temperatures were then 
raised to initiate reaction. Oxygen, ethylene, 
ethane, methane, 2-nitropropane and vinyl 
chloride feeds were then mixed with recycle gas 

55 to give the desired feed composition. The 2- 
nitropropane was introduced by pumping liquid 
2-nitropropane with a positive displacement 
micro pump having a relief valve set to operate 
at 30 bars. The temperature of 2-nitropropane in 

60 the pump was approximately 20°C and it was 
substantially free from gaseous air, oxidising 
agents, alkalis, acids and water. It was Intro- 
duced at a point in the process at which the 
temperature was 70°C, the pressure 18 bars 

6S absolute at 4.8 mls/hr of liquid onto a knitted 
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staihiess-steel mesh through which all the pro- 
cess gas was passed. 

After fourteen days on line the reactor feed 
composition was analysed to be Oz 8.2% C2H4 
27%, COa 1%, vinyl chloride 5.9 ppm, ethyl 
chloride 0.8 ppm, ethane 0.1%, 2-nitropropane 32 
ppm, NO2 8.3 ppm, NO 2.0 ppm, 0.12% water 
vapour, the balance being substantially methane. 
Analysis was carried out from the reactor inlet 
and less inaccuracy of analysis was found due to 
condensation of water than that which had occur- 
red when NO and NO2 had been supplied instead 
of the 2-nltro propane. The reaction feed was at 
75X and 18.5 bar with a gas hourly space velocity 
of 3340 hr*^. The oxygen conversion across the 
reactor was 28%. The reaction give a selectivity of 
ethylene converted of 84.2%. The average cata- 
lyst temperature was 250''C. The product gases 
were cooled to 75°C before being contacted with 
250 l/hr of water at 20°C. to absorb product 
ethylene oxide. The resulting gas stream was 
then split, part being contacted with 250 l/hr of 
0.5% w/w caustic soda solution in a carbon 
dioxide scrubber. The scrubber gaseous product 
and the bypass stream were combined and then 
compressed to form the recycle gas stream. No 
solid deposits resulting from the reaction of nitro- 
propane with ethylene occurred. (Deposits can 
occur under certain conditions between NO/NO2 
and ethylene even at' ambient temperatures). No 
corrosion was observed in the reactor feed 
section of the plant. 

ppm means, in the case of liquids or solids, 
parts per million by weight and in the case of 
gases, parts per mlllfon by volume. Gas hourly 
space velocities are calculated as at 20X and 
atmospheric pressure. 

Throughout this specification, pressures are 
absolute. 

Claims 

1. A process of producing ethylene oxide by 
contacting ethylene and oxygen in the presence 
of a chlorine containing reaction modifier and a 
nitrate or nitrite forming substance with a silver 
containing catalyst in which the performance of 
the catalyst is improved characterised in that the 
nitrate or nitrite forming substance is nitro- 
propane and the nitropropane is pumped as a 
liquid at a temperature not exceeding B(fC by a 
positive displacement pump which is provided 
with relief against pressures greater than 50 bars 
to the process at a point at which the temperature 
is in the range 50 to lOO^C and the pressure Is at 
most 40 bars. 

2. A process as claimed in claim 1 in which the 
nitropropane is fed at as low a pressure as 
possible onto an inert porous material through 
which a substantial rate of flow of process gas is 
maintained. 

3. A process as claimed in any preceding claim 
in which the partial pressure of ethylene is in the 
range 0.1 to 30 bars, the total pressure is in the 
range 1 to 100 bars, the partial pressure of oxygen 



is 0.01 to 20 bars, and the temperature is 18 to 
320*'C. 

4. A process as claimed in any preceding claim 
in which the chlorine containing reaction modifier 

5 comprises dichloroethane, methyl chloride or 
vinyl chlorioe. 

5. A process as claimed in any preceding claim 
in which the average COa content of gas in contact 
with the catalyst is In the range 1% to 7% by 

10 volume. 

6. A process as claimed in any preceding claim 
in which the nitropropane is 2-nitropropane. 

PatentansprQche 

IS 

1. Verfahren zur Herstellung von Ethylenoxid 
durch In-Kontakt-Brlngen von Ethylen und Sauer- 
stoff in Gegenwart eines chlorhaltigen Reaktions- 
modifikationsmittels und einer nitrat- oder nitrit- 

20 blldenden Substanz mit einem silberhaltigen 
Katalysator, be! dem die Wirksamkeit des Kataly- 
sators verbessert ist, dadurch gekennzeichnet, 
daB die nitrat- oder nitritbildende Substanz Nitro- 
propan ist und das Nitropropan ais FIQssigkelt mit 

25 einer 80X nicht uberschreitenden Temperatur 
durch eine VerdrSngerpumpe, die mit einer Entla- 
stungs- bzw. Druckbegrenzungseinrichtung 
gegen Drucke von mehr als 50 bar ausgestattet 
ist, an einer Steile, bei der die Temperatur in dem 

30 Bereich von 50 bis 100X liegt und der Druck 
hochstens 40 bar betrdgt, zu dem Verfahren 
gepumpt wird. 

2. Verfahren nach Anspruch 1, bei dem das 
Nitropropan mit einem so niedrigen Druck wie 

3S mdglich einem inerten porosen Material zuge- 
fOhrt wird, durch das hindurch eine betrSchtliche 
Strdmungsgeschwindigkelt des Betrlebs- bzw. 
Verfahrensgases aufrechterhalten wird. 

3. Verfahren nach einem der vorhergehenden 
40 AnsprOche, bei dem der Partialdruck des Ethylens 

In dem Bereich von 0,1 bis 30 bar, der Gesamt- 
druck in dem Bereich von 1 bis 100 bar und der 
Partialdruck des Sauerstoffe in dem Bereich von 
0,01 bis 20 bar liegt und die Temperatur 18 bis 
45 320X betragt. 

4. Verfahren nach einem der vorhergehenden 
AnsprOche, bei dem das chlorhaltige Reaktions- 
modifikationsmittel aus Dichlorethan, Methyl- 
chlorid Oder Vinylchlorid besteht. 

so 5. Verfahren nach einem der vorhergehenden 
Anspruche. bei dem der mittlere COa-Gehalt des 
Gases, das mit dem Katalysator in Kontakt 
kommt, in dem Bereich von 1 bis 7 Vol.% liegt. 
6. Verfahren nach einem der vorhergehenden 

55 Anspruche, bei dem das Nitropropan 2-Nitro- 
propan ist. 

Revendications 

60 1. Proc§d6 de preparation d'oxyde d'^thylene 
par mise en contact d'^thyldne et d'oxygine en 
presence d'un agent modifiant la reaction con- 
tenant du chlore et d'une substance formant un 
nitrate ou un nitrite avec un catalyseur contenant 

^ de I'argent dans lequel la performance du cataly- 
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seur est amdliorde, caract^risd en ce que la 
substance formant un nitrate ou un nitrite est un 
nitropropane et que le nitropropane est envoys 
par pompage en tant que liquide a une tempera- 
ture ne d§passant pas SO^'C au moyen d'une 
pompe d deplacement positif qui est pourvue 
d'un d6connpresseur pour des pressions supe- 
rieures h 50 bars, dans le proc6d6 i un point dans 
lequel la temperature est dans la gamme de 50 a 
100°C et la pression est d'au maximum 40 bars. 

2. Proc^de suivant la revendication 1, caracte- 
risd en cs que le nitropropane est introduit a une 
pression aussi faible que possible sur un mat^riau 
poreux inerte k travers lequel un d^bit notable de 
gaz du proc6d6 est maintenu. 

3. Proc6d6 suivant I'une quelconque des reven- 
dications 1 ou 2, caract6ris6 en ce que la pression 



w 



IS 



partielle d'ethyl6ne est dans la gamme de 0,1 h 30 
bars, la pression totale est dans la gamme de 1 ^ 
100 bars, la pression partielle d'oxygene est de 
0,01 h 20 bars et la temperature est de 18 ^ 320X. 

4. Procide suivant I'une quelconque des reven- 
dications 1 k 3, caractdrisd en ce que I'agent 
modifiant la reaction contenant du chlore com- 
prend ie dichloroethane, le chlorure de rndthyle 
ou le chlorure de vinyle. 

5. Precede suivant I'une quelconque des reven- 
dications 1 a 4, caract^rise en ce que la teneur 
moyenne en COa du gaz en contact avec le 
catalyseur est dans la gamme de 1% k 7% en 
volume. 

6. Precede suivant I'une quelconque des reven- 
dications 1 k 5, caracterise en ce que le nitro- 
propane est le 2-nitropropane. 
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